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Abstract. Thecross-shorestructureof the meanlongshorecurrenton a barred
beachis investigatedwith observationsfrom theDuck94field experiment.Maxima
of thehourly-averagedlongshorecurrentaremostfrequentlylocatedeitherslightly
inshoreof the barcrestor neartheshoreline.At low tide the longshorecurrent
maximaarelocatedcloserto thebarcrest,andthecurrentis strongerandnarrower
thanat high tide. The tidal cross-shoredisplacementof the longshorecurrent
maximumis qualitatively consistentwith the observed radiationstress,

�����
,

althoughthe maximumcurrentsaredisplacedshoreward of the maximum
�����

gradientsatbothhighandlow tide. Thisspatiallagsuggeststhatsomemechanism
(suchaswave rollers)delaysthe transferof momentumfrom wavesto themean
flow. Bathymetriclongshoreinhomogeneitiesmay alsoaffect the cross-shore
structureof thelongshorecurrent.

Introduction

Selectedobservationsfrom the DELILAH field experi-
mentat Duck N.C. suggestthat the maximumof the mean
longshorecurrent,� , occursbetweenthecrestof thesandbar
and the troughbetweenthe bar and the shoreline(Figures
8-11 of Church and Thornton, (1993)),andthat longshore
currentvariability is coherentwith the approximately1 m
semidiurnaltidal fluctuationsin water level (Thornton and
Kim, 1993). However, the generalityof theseresultsover
thewiderangeof wave(Long, 1996),wind,andbathymetric
(e.g. pronouncedsandbarsandalongshoreinhomogeneities
(Lippmann and Holman, 1990;Gallagher, 1996))conditions
observedatDuckisunknown. Herethecross-shorestructure
of � is furtherexploredwith observationsfrom theDuck94
field experiment.

Duck94 Observations

The experimentsite is locatedon a long straightbarrier
islandexposedto the Atlantic Ocean. Directionalproper-

tiesof seaandswell (includingthewave radiationstresses,���
	
) wereestimatedwith datafrom a 2-dimensionalarray

of 15 bottom-pressuresensorslocatedin 8 m water depth
operatedby the Field ResearchFacility (FRF) of the U.S.
Army Corpsof Engineers(Long, 1996). Longshorecur-
rents,wave-inducedbottom pressures,and the location of
theseafloorwereobservedwith colocatedbidirectionalelec-
tromagneticcurrentmeters,pressuresensors,andsonaral-
timeters(Gallagher et al., 1996)deployedon a cross-shore
transectextending750 m from the shorelineto 8 m water
depth(Figure1). Thesensorsweresampledat 2 Hz for ap-
proximatelytwo months. At eachpressuresensor-current
meterpair, hourly valuesof

���
	
werecrudelyestimatedus-

ing lineartheory.

Conditionsduring Duck94areshown in Figure2. In 8
m waterdepth,thesignificantwaveheight( ���� � ) rangedbe-
tween0.2m to 4 m andthemeanwaveanglebetween������� ,
so that the total ( e.g. frequency-integrated) incidentwave
radiationstress

���
	����
(where

�
is thewaterdensity)in 8 m

depthrangedfrom ����� � to ���!�#"%$ �'&)(
(figures2a-c). The

1



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
1996 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1996 to 00-00-1996  

4. TITLE AND SUBTITLE 
Cross-shore Structure of Longshore Currents during Duck94 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Center for Coastal Studies, Scripps Institution of Oceanography,La 
Jolla,CA,92093 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
Proceedings of the 25th International Coastal Engineering Conference, held in Orlando, FL on September
2-6, 1996 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

6 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Feddersenetal.: 2

Figure 1. The cross-shorelocationof currentmeters( * ),
andmeasuredbathymetryrelative to sealevel onAugust25
(solid line) andOctober26(dashedline). An additionalcur-
rentmeterlocatedatcross-shorelocation749m in 8 m water
depthis notshown.

mean(e.g. centroidal) wave frequency rangedfrom about
0.08to 0.2Hz (not shown). Maximummeanlongshorecur-
rents(in eachhour-longrecord,��+-,/. ) rangedfrom �0�21 to 1�� 3
m/s(Figure2d). Thebarcrest,originally located80mfrom
themeanshoreline,graduallymigrated120m offshore(Fig-
ure2e,after Gallagher, 1996). Fluctuationsin meanwater
level wereabout1 m at springtide. Theslopeof thebeach
foreshoreis about1/10 (Figure1), so tidal fluctuationsin
thelocationof themeanshorelineareabout10m.Tidal cur-
rentsin depthslessthan8 m arelessthan0.03m/s(S.Lentz,
personalcommunication1996).

Results

Thesandbar is expectedto stronglyeffect thelongshore
current,soanormalizedcross-shorecoordinateis definedas,

46567 4 � 408
409 ,/:;� 4 8 (1)

where4 is thecross-shorecoordinate,4 9 ,/: is thecross-shore
locationof thebarcrest,and 408 is thecross-shorelocationof
the mostnearshoresensoruv02. The distancefrom sensor
uv02 to the meanshorelinewas typically lessthan 10 m.
Depthsat uv02 ( 4 5 7 � ) rangedfrom about0.2 to 1.2 m.
In this coordinatesystem,thebarcrestis alwayslocatedat4 5 7 1 , but thelocationof thetroughis notconstantbecause
of variability in theshapeof thecross-shoreseafloorprofile
(e.g. Figure1).
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Figure 2. Hourly valuesof (a) significantwave height � B� �
in 8 m depth(b) deviation of the meanincidentwave an-
gle from shorenormal(positiveanglescorrespondto waves
from thenorthernquadrant)(c)

���)	'�C�
in 8 m depth(d) max-

imumhour-averagedlongshorecurrent� +-,D. (e)barcrestlo-
cation(dashed)andthecross-shorelocation ��+-,/. . ��+-,/. is
plottedonly if therewereat leastfive active currentmeters
and ��+-,/.FEG���!H'� m/s. Out of 1464 possiblevalues,572
hourly maximapassthesecriteria. The few maximaoccur-
ring morethan250m from shorearenotshown in (e).

The locationof the longshorecurrentmaximum, � +-,D. ,
is broadly distributedand roughly bimodal in the normal-
izedcoordinatesystem(1) (Figure3, afterGallagher, 1996
). Maximamostoftenoccureitherslightly inshoreof thebar
crest( �0� IJ�LK 4 5 KM1�� H ) or nearthe shoreline( 4 5�N �0� O ).
Rarelydoes��+-,/. occurseawardof thebarcrest,evenwhen
largewaveswerebreakingwell seawardof thebar( 4 5�P H ).
The few maximalocatedwell seawardof thebarcresttyp-
ically areweak( ��+-,/.RQS�0� O#�T��� 3 m/s)andapproximately
correspondto timesof strongbuoyancy drivenflows(Rennie
andLargier, personalcommunication1996). The stronger
longshorecurrents( � P ��� U m/s) areassociatedwith large
offshore

���)	
(Figures2cand2d)andoccurnearthebarcrest
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Figure 3. Magnitudeof the maximumof the hourly av-
eragedlongshorecurrentin normalizedcross-shorecoordi-
nate, 4 5 (1). The upperpanelshows the entirecross-shore
region. The region � N 4 5\N H is enlarged in the lower
panel.

( ��� I�� N 4 5 N 1�� H ). Weaker maxima(0.25- 0.7 m/s)occur
typically neartheshoreline( � N 4 5]N �0� O ) or nearthebar
crest,with few maximain the region in between.Many of
thelarger � +-,D. (0.4-0.6m/s)in theregion � N 4 5^N ��� O oc-
cur after the sandbarmigratedfar offshorein mid-October
(Figure2e).

Tidesdominatethe variability of the local waterdepth,
andthusaffect wave shoaling,breaking,andthe longshore
current.When � +-,/. is nearthebarcrest( ��� I��_K 4 5 K`1'�!H ),
thelocationof � +-,/. is tidally modulated(Figure4). At high
tide, � +-,/. is rarely locatedoccursseaward of 4 5 7 ��� U ,
whereasat low tide � +-,D. is near 4 5 7 1 . Tidal effectson
thelocationof � +-,/. aresmallerwhen � +-,/. is nearshoreline
( 4 5 N ��� O ). Tidal differencesin thecross-shorestructureof
� arefurther illustratedin Figure5. Thecurrentprofilesat
low tideexhibit anumberof similarfeatures;�a+-,/. is located
closeto 4 5 7 1 , andthecurrentfalls off rapidly shoreward
of themaximum.Closeto thebeach,� is approximately1/4
of ��+-,/. . In contrast,at high tide �J+-,D. is farthershoreward
(around 4 5 7 �0�!� , consistentwith Figure 4), weaker, the
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Figure 4. Locationandmagnitudeof � +-,D. , observedwithin
about1.5 hoursof tidal extremain normalizedcross-shore
coordinate.Thereare157low tide( b ) and108hightide( c )
values.

currentprofile is broader, andneartheshoreline,� is about
1/2-2/3of � +-,/. . The observed � tidal variation is consis-
tentwith thephaserelationshipsbetween� andsea-level at
tidal frequenciesfoundby Thornton and Kim (1993).Wave-
breakinginducedgradientsin significantwave heightsare
greaterduring low tide than high tide ( �0� U N 4 5dN 1'�!�
in Figure 6), resulting in smallerwaves shoreward of the
sandbarat low tide ( ���� �feg��� � m) relative to high tide
( ���� �hei1'� � m).

Thedifferenceswithin thelow (Figure5a)andhigh(Fig-
ure 5b) tide cross-shorestructureof � areprimarily owing
to differencesin the conditionsover the two daysspanned
by theobservations.Thebarwasrelatively stationarymov-
ing 7m, ���� � in 8 m depthrangedfrom 1 to 2 m (Figure6),
the meanincidentwave anglefrom 15 to 45 degrees,and� �
	 ���

from 0.2 to 0.5 "d$ ��&)(
. Similar qualitative features

in thetidal variationof � wereobservedatothertimeswhen
thelongshorecurrentwasstrongfor severaltidal cycles(e.g.
Sept2-5andOct10-16).

Themodeledtidal variationof �_B� � and � , for wavesand
bathymetryrepresentative of Figures5 and 6, are shown
in Figure7. The wave heightsaremodeledusingChurch
and Thornton (1993),with freemodelparametersselectedto
bestfit theobservedwave heights.Thequalitative features
of theobserved ���� � distributions(Figure6) arereproduced
by themodel(Figure7a),exceptcloseto theshoreline.The
longshorecurrentpredictionsaremadeusing the modeled
� B� � variationandobserved(in 8 m depth)directionalwave
propertiesin the Thornton and Guza (1986)longshorecur-
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Figure 5. Meanlongshorecurrentsin thenormalizedcross-
shorecoordinate4 5 (1) duringOctober10 and11. (a) 3 low
tides(b) 4 high tides.

rent model. A drag coefficient of 0.015resultsin similar
magnitudesfor themodeled(Figure7b) andobserved(Fig-
ure5) currents.Similar to previousresults(e.g. Church and
Thornton, 1993andothers),themodeledlongshorecurrents
havethefamiliarproblemof predictingaflow with two max-
ima,oneseawardof thebarcrestandoneneartheshoreline,
with no flow in thebar trough. Themodeledlow andhigh
tide maximaoccurat 4 5 Ql1'�!H'� and 4 5 Qm1'�n1 respectively,
fartheroffshorethanobserved(Figure5). In physicalunits,
thedisplacementof themaximumis about30m.

Two commonly given reasons(among many) for the
modelfailureare:(1) Theremaybeaspatiallagin thetrans-
fer of momentumfrom the waves to the meanflow, pos-
sibly associatedwith wave rollers (Svendsen, 1984; Dally
and Brown, 1995; andmany others). (2) Longshoreinho-
mogeneitiesin thebathymetryandwave field mayresultin
nonlineartermsor longshorepressuregradienttermsin the
longshoremomentumequation(e.g. Putrevu et al., 1995).
Someof theobservationsareconsistentwith thelaghypoth-
esis,andthereareotherexampleswherealongshoreinho-
mogeneitiesarelikely dominant.
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Figure 6. Significantwave heightin thenormalizedcross-
shorecoordinate4 5 (1) duringOctober10 and11. (a) 3 low
tides(b) 4 high tides.

The cross-shorevariationof
� �)	

for the successive low
andhigh tide cases(Figure5 and6) is shown in Figure8.
At low tide, strong

� �)	
gradientsareobserved seaward of

thebar( 1rK 4 5 Kf1'�!� , Figure8a),whereasshorewardof the
barcrest,

���
	
is relativelyconstant.Theshorewarddisplace-

mentof theobservedlongshorecurrentmaxima(Figure5a)
relativeto strong

���
	
gradients(Figure8a)is consistentwith

a spatiallag in thetransferof momentumto themeanlong-
shorecurrent.At high tide, the region of strong

� �
	
gradi-

entsis slightly seaward of the bar crest( ��� stK 4 5 Ku1�� H�� ,
Figure8b), andseawardof the locationof �a+-,D. ( 4 5 Qv�0�!� )
againindicatingaspatiallagin thetransferof momentumto
themeanflow. Thetidal differencesin thecross-shorestruc-
ture of � (i.e. the the broadingof � at high tide, Figure5)
mayberelatedto tidal variationsin thelaggingmechanism.

An exampleof longshorecurrentslikelyaffectedby long-
shorebathymetricinhomogeneitiesis shown in Figure9. Al-
thoughthewaveswereenergetic( ���� � 7 O m in 8 m depth),
they werenearlynormallyincident(themeanincidentwave
angle in 8 m depth was H'� ) and thus

� �)	
in 8 m depth

wassmall ( about0.1 of
� �)	

with lessenergetic but more
obliquelyincidentwavesin Figure8). Theobservationssug-
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Figure 7. Modeled(a) significantwave heights(b) mean
longshorecurrents (c) model bathymetry in normalized
cross-shorecoordinate(1). Solid curvesrepresentlow tide
and dashedcurves are high tide. The incident wave pa-
rametersarerepresentative of conditionsin Figure5 and6:
���� � 7 1'�!� m and w 7 H'�'� .

gestthat
� �
	

and
� �)	

gradientsaresmalleverywhere(Fig-
ure 9b), and that wave breakingbegan( 4 P H���� m, Fig-
ure9a)far offshoreof thelocationof � +-,D. ( 4 QfH�� m, Fig-
ure9c). Theobservedlongshorecurrentjet (Figure9c)near
the shorelineis inconsistentwith modelpredictions(based
on Thornton and Guza, 1986)of negligibly small currents
(not shown). Time elapsedvideo images(R.A. Holman,
personalcommunication,1996)suggestthatthebathymetry
was longshoreinhomogeneous.Threedimensionalbathy-
metricsurveyswerenotavailablebecauseof thestormycon-
ditions,however, thefirst post-stormsurvey (October20)did
revealstronglongshoreinhomogeneity. Sancho et al. (1996)
demonstratedthatthisinhomogeneousbathymetrycancause
pressuregradientsandnonlineartermsto becomeimportant
in thelongshoremomentumbalance.
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Figure 8.
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for the cases(October10 and11) shown
in Figures5 & 6 in thenormalizedcross-shorecross-shore
coordinate4 5 (1). (a) low tide (b) high tide. Theaccuracy of���
	

estimatesis limited becauseof uncertaintiesin current
meterresponseandorientation,andbecauseerrorsin linear
theorymaybesignificantin thesurfzone.Only two low tide
profilesareshown becauseof unavailabledata.

Conclusions

Observationsspanninga wide rangeof bathymetricand
wave conditionsshow that the probability distribution of
cross-shorelocation of longshorecurrent maxima is bi-
modal. Maxima typically occurnearthe crestof the sand
bar or nearthe shoreline(Figure3). At both high andlow
tide, theobservedcurrents(Figure5) arequalitatively con-
sistentwith the observed

� �
	
(Figure 8), althoughwith a

spatiallag, perhapsassociatedwith wave rollers. The 1 m
tidal fluctuationsin sealevel affect thecross-shorestructure
of the longshorecurrent(Figure4). At low tide, the cur-
rent jet is stronger, narrower, andlocatedcloserto the bar
crestthanat high tide (Figure5). The reasonfor the tidal
changesin thelongshorecurrentstructureis unknown,how-
ever tidal changesin thewave forcing aresurelyimportant.
Clearlymorequantitative work is necessary. The observed
variationin the cross-shorestructureof the longshorecur-
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Figure 9. Observed cross-shorevariation of (a) signif-
icant wave height (b)
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(c) longshorecurrent � (d)

bathymetryon0500October10.

rentacrossa tidal cycle is a robust feature(seealsoFigure
12of Thornton and Kim, (1993)),andonestepin theverifi-
cationof a roller modelwould beto reproducequalitatively
theobservedtidal variationof thelongshorecurrent.Finally,
althoughthemagnitudeof theeffectsof longshorebathymet-
ric inhomogeneitiesis notknown, therearecaseswherethey
dominatethelongshorecurrent(Figure9).
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